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Abstract 
As the Mobile Ad Hoc Networks technologies face a series of challenges like dynamic changes of topological 
structure, existence of unidirectional channel, limited wireless transmission bandwidth, the capability limitations of 
mobile termination and etc, therefore, the research to mobile Ad Hoc network routings inevitablely undertake a more 
important task than those to other networks. Multicast is a mode of communication transmission oriented to group 
computing, which sends the data to a group of host computers by using single source address. In a typical mobile Ad 
Hoc Network environment, multicast has a significant meaning. On the one hand, the users of mobile Ad Hoc 
Network usually need to form collaborative working groups; on the other hand, this is also an important means of 
fully using the broadcast performances of wireless communication and effectively using the limited wireless channel 
resources. This paper summarizes and comparatively analyzes the routing mechanisms of various existing multicast 
routing protocols according to the characteristics of mobile Ad Hoc network. 
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1.  Introduction 
In recent years, with the rapid development of the economy and continuous improvement of people's 
living standards, the mobile communication technologies have also obtained a fast development and 
popularization, the quite representatives among which are technologies of cellular mobile communication 
system, wireless local area network, bluetooth [1] and etc. the emerging of these mobile communication 
technologies, greatly facilitates people’s lives. However, most of the present mobile communication 
systems can only be implemented with the support of wired infrastructures, such as the cellular mobile 
communication system, which must rely on the support of infrastructures like base stations, mobile 
switching centers and etc. Also the wireless local area networks working under the mode of access points 
with wired backbone networks are all based on a central station control, namely network with center, 
whose operation depends on the pre-deployed network infrastructures. But in some special occasions, such 
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as military command and operation, disaster relief and emergency rescue, field scientific investigation, and 
coping with emergencies and interim communications and etc, it is impossible to have some pre-deployed 
infrastructures, under which cases, there needs a mobile communication technology which can fast and 
automatically organize networks at temporarily [2].   
As early as 1972, the American DARPA (Defense Advanced Research Project Agency) actuated the 
PRNET (Packet Radio Network) project to study the application of packet radio network in data 
communication under the battlefield environment. Later, the DARPA initiated another project of GloMo 
(Global Mobile Information Systems) to research the mobile information system with high-survivability, 
which can meet the requirements of military application. The EIEE802.n Standard Board applied “Ad Hoc 
Network” [3] to describe this special self-organized peer-to-peer multihop communication system. Because 
of its high-speed, flexibility and convenient application in network organization, the Ad Hoc Network has 
obtained extensive attentions from the international academy community and industry community. 
Furthermore, it is being more and more widely used, and has become an important direction in the 
development of mobile communication technology.   
2. Ad Hoc network routing 
In recent years, by the popularization of IP network, to provide QoS guaranteed services has become 
an inexorable trend of IP network’s development. However, various traditional Ad Hoc network routings 
mentioned above can either provide a necessary QoS guarantee to the services. The deficiencies of 
traditional Ad Hoc routing technologies in QoS guarantee are mainly reflected in its routing mechanism’s 
unsupport of resource reservation, while resource reservation is a great important means to guarantee the 
end-to-end performance of business data (such as delay, delay jitter and packet dropping ratio) and mostly 
the essential means especially when the network bandwidth greatly differs with the sum of bandwidth 
required by various services. There exist many difficulties in the research of QoS routing mechanism in Ad 
Hoc network, mainly showed as below: 
(1)There are many different QoS limitations of distributed application (like Internet Protocol 
Telephone or distributed games) in aspects of delay, delay jitter, packet dropping ratio, bandwidth and etc 
and the multiple limitations often leading to a increasing in communication overhead of QoS routing 
algorithm, while the load of communication overhead in the processing and power limited Ad Hoc system 
is much sensitive. Simultaneously, the multiple limitations also put forward higher requirements on the 
data link layer and physical layer mechanisms of Ad Hoc network that is to be able to make operations as 
resource reservation and etc under various restrictions in both the layers. But for the different underlying 
mechanisms chose by Ad Hoc network, their capacities in this aspect are different.  
(2)The temporary fluctuation of load and the access or disconnection of links all can cause dynamic 
changes of computer status. In a dynamic environment, particularly the wireless communication 
environment, the growing network size makes it especially difficult to get the latest status information. 
And it will greatly reduce the performance of QoS routing algorithm if using outdated state information. 
While the existing QoS routing mechanisms in fixed IP network are mainly designed according to the 
situations of little changes in network and stable operation of topology and various interfaces, therefore, it 
is difficult to simply reuse the existing IP QoS routing mechanisms in the research of QoS routing 
mechanism in Ad Hoc network.         
(3)The future integrated services network will bear businesses of QoS and Best-effort, which would 
make the performance optimization more difficult. It is hard to determine the optical operation point when 
the two businesses distributed separately, though the QoS service will not be affected because of the 
resource reservation. But the throughput of Best-effort service will be severely damaged when the total 
business distribution is misjudged.  
In summary, the problem of QoS routing is a very important and complex research topic in the process 
of Ad Hoc network research, which needs the support of network and terminal software and hardware in 
all aspects. A complete QoS routing mechanism involves multiple system components, such as real-time 
transport protocol, packet queuing function, resource reservation, real-time operation system, multi-media 
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device and etc. the diversity of data link layer and physical layer mechanisms in Ad Hoc network also 
requires the specific QoS mechanisms must combine with the specific underlying mechanism, so as to 
fully use the various capacities provided by underlying mechanism and then get a more efficient solution 
scheme of  combination of QoS routing.    
3. The Research Status Of Ad Hoc Multicast Routing Protocols  
Multicast is a communication method, which allows one source node transmit information to multiple 
destination nodes at one time. The multicast routing needs to find a multicast tree between a source node 
and a group of destination nodes, along whose branches the information will be sent to different nodes in 
parallel mode, and the information only needs to be copied at branch points. Compared with singlecast, the 
multicast will only transmit at one time to all the nodes that need data rather than distribute to those nodes 
which don’t need data, therefore, it is more efficient. And multicast will not distribute data to all the nodes 
in network vis-à-vis the broadcast, so it controls the network flow. Multicast service is an efficient service 
mode supporting of multi-party communication, especially in the mobile Ad Hoc network with extremely 
restricted communication bandwidth. Therefore, it is very necessary that applying multicast mechanism to 
achieve the multi-party communication.    
As the particularity of mobile Ad Hoc network, many excellent traditional multicast protocols based 
on wireless network can not be applied in mobile Ad Hoc network, which proposes new problems and 
challenges to the design and research of multicast routing protocols for mobile Ad Hoc network, mainly 
showed as the following aspects: (1)Dynamic network topology structure: in mobile Ad Hoc network, the 
node has a arbitrary mobility, the network topology structure may change at any time, and this change 
mode and speed are difficult to predict. (2)Limited bandwidth transmission: mobile Ad Hoc network 
applies wireless transmission technology as its communication means, it has a lower capacity relative to 
the wireless channel. Furthermore, affected by multiple factors of noise jamming, signal interference and 
etc, the actually available effective bandwidth for mobile terminals will be much smaller than the 
maximum bandwidth value in theory. (3)The limitation of mobile terminal: although the user terminals in 
mobile Ad Hoc network have characteristics of smart and portable, they use the fugitive energy like battery 
as their power and with a CPU of lower performance and smaller memory, especially each of the host 
computers doubles the router, hence, there are quite high requirements on routing protocols. (4)Distributed 
control: there is no central control point in mobile Ad Hoc network, all the user terminals are equal, and the 
network routing protocols always apply the distributed control mode, so it has stronger robustness and 
survivability than center-structured network. (5)Multihop communication: as the restriction of wireless 
transceiver on signal transmission range, the mobile Ad Hoc network is required to support multihop 
communication, which also brings problems of hidden terminals, exposed terminals, equity and etc. (6) 
Security: as the application of wireless signal channel, wired power, distributed control and etc, it is 
vulnerable to be threatened by security, such as eavesdropping, spoofing, service rejecting and etc 
attacking means.    
By far, the mobile Ad Hoc network working group has proposed a number of drafts of multicast 
routing protocols, and different types of multicast routing protocol has its own advantages and 
disadvantages so as to adapt to different network environments. Therefore, the hope of a multicast routing 
algorithm, which can well solve the all problems of multicast routing and become the standard multicast 
routing protocol in Ad Hoc network, is unrealistic. At the same time, it is very difficult to confirm 
multicast routing algorithms or protocols adapted to specific application fields for mobile Ad Hoc network, 
because the application of Ad Hoc network requires a combination and integration of the fixed network 
with the mobile environment. So there still needs a deeper research of multicast application in the mobile 
Ad Hoc network environment.     
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4. The Multicast Routing Protocols For Mobile Ad Hoc Networks  
Multicast is made up of two parts, multicast group management and multicast routing protocols. 
multicast group management is responsible for the transmission of multicast grouping from the local router 
to its directly connected subnets without caring about the retransmission of multicast grouping among 
routers or over intermediate networks, while multicast routing protocols accomplish the tasks of 
retransmitting multicast grouping among routers and over networks. In the present more researched single-
hop network based on cellular mode, there is only one hop between the host computer and the basic station, 
equivalent as in a same subnet, so there is no need to consider about the multicast routing problem, but just 
to implement the group management protocol. However, as the mobile Ad Hoc network is a multihop 
wireless network, each of its nodes doubles as the router and host. Therefore, the multicast routing 
protocols is indispensable. Multicast routing protocol is the basis for achieving multicasting, whose main 
function is to form a certain mechanism (e.g., structure multicast trees or form multicast meshes, etc) to 
accomplish the task of multicast routing. So far, people have proposed a variety of multicast routing 
protocols with mobile Ad Hoc network as their application environment. They are much different in route 
finding mechanisms and routing architectures, and can be divided into three classes according to the 
different routing generation methods leading to their group members, which are tree-based multicast 
routing, mesh-based multicast routing and hybrid multicast routing. In addition, some multicast routings 
with other thoughts have also been proposed, including stateless multicast routing, likelihood multicast 
routing and location-based multicast routing. 
Most of the first proposed multicast routings are tree-based multicast routing protocols, mainly 
including AMRIS (Ad hoc Multicast Utilizing Increasing ID Numbers), MAODV (Multicast Ad Hoc On-
Demand Vector), LAM (Lightweight Adaptive Multicast) LGT (Location Guided Tree Contruction 
Algorithm), ABAM (Associated-Based Ad Hoc Multicast Routing Protocol) and etc. 
4.1 AMRIS protocol 
AMRIS protocol (Ad hoc Multicast Utilizing Increasing ID Number protocol) is an on-demand 
routing protocol, which supports the senders and receivers by constructing a share multicast distribution 
tree in a multicast session (as showed in figure 2-2). Its greatest feature is taking some sending node in 
multicast session as the root and dynamically distributing an ID number to each node in network. The 
multicast sender with a minimum ID (named SID) broadcasts a new session package of MI (Mesh Initiate) 
which contains the ID of sending node, while other nodes calculate their own ID according to the 
increasing ID value in MI package sent by neighbor nodes, change the ID in package into their own ID, 
and then continue to spread the package. By broadcast the packet, establish a source-node radiated logical 
structure with increasing ID. AMRIS is to discover the link failure through the mechanism of periodically 
sending Beacon message, which has the sender node ID, at the adjacent nodes. When a node needs to 
rejoin the multicast group for its link failure, it should first confirm whether there exist nodes whose ID is 
smaller among the neighbor nodes according to the received Beacon message, if there are, then choose the 
neighbor node with a minimum ID as the potential parent node and directly request to join it. Otherwise, 
local broadcast join the request packet, in which there has the current ID of the node, only when its ID is 
smaller than the ID in package can the node be eligible to respond to the request. In this way, it can prevent 
the downstream node from being a parent node of the upstream node, and effectively avoid the formation 
of a loop. 
The advantage of AMRIS protocol is that the nodes do not need to store any global information as it 
has a locality in link repair. In every multicast updating cycle, each node broadcasts Beacon messages to 
adjacent nodes, including node ID, SID, two parent and child nodes ID, etc. If the situation of link 
interruption occurred, the node with a bigger ID rejoins the multicast tree. While the disadvantage is that its 
performance will sharply declined under the situation of fast moving nodes. That is because AMRIS is a 
tree-based multicast routing who doesn’t have a redundant path between two nodes. Therefore, when the 
moving speed accelerated, it will cause an increase of link failure and then lead to a rapid rise of packet 
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dropping ratio. Besides, the increase of node's density can also cause a sharp decline in performance, 
mainly because AMRIS needs to periodically send Beacon package to maintain the multicast tree, which 
will be greatly conflicted when the node’s density is comparatively big.  
Figure 1. The Packet Forwarding of AMRIS  
4.2 MAODV protocol 
MAODV protocol (Multicast Ad Hoc On-Demand Distance Vector Routing Protocol) was proposed 
by E.M. Royer et al. from University of California in 1999, and became an IETF Draft in 2000. It is an on-
demand multicast routing protocol designed on the basis of the unicast protocol AODV. 
MAODV protocol establishes a shared multicast tree structure connected all the multicast members for 
each multicast group to transmit the multicast data. One of the outstanding features of MAODV is its using 
of multicast sequence numbers, and each multicast group has its own sequence number, which is initialized 
and maintained by the top ranked multicast group. The using of these sequence numbers can guarantee the 
applied routing to multicast group is always up-to-date. The construction of multicast routing still uses the 
RREQ (Route Request) and RREP (Router Reply) control message of the unicast AODV routing protocol, 
and adds a MACT (Multicast Activation) message used to confirm the multicast routing. 
MAODV is a routing protocol connected with AODV, so it has many similar structures in information 
operation and control. The routing request, router request, router reply and unicast routing table of 
MAODV are all established on the basis of AODV. 
4.3 LAM protocol 
LAM protocol (Lightweight Adaptive Multicast) provides services by using of the CBT (Core Based 
Tree) Algorithm and the TORA (Temporally-Ordered routing Algorithm). Similar with CBT, LAM 
constructed a shared multicast tree, whose center is the core node, for each multicast group. Nodes in LAM 
need to maintain two variables, POTENTIAL-PARENT and PARENT, and two lists, POTENTIAL-
CHILD-LIST and CHILD-LIST. The PARENT variable is used to remember the parent node in the 
multicast tree, while the CHILD-LIST stores identities of one-hop child nodes in the multicasting tree. The 
POTENTIAL data structure will be used when the nodes are in a Ājoinā or Ārejoinā state. The 
disadvantage of LAM is bad in robustness, especially in a mobile Ad Hoc network environment.    
4.4 LGT protocol 
  LGT protocol (Location Guided Tree Construction Algorithm) is a small group routing protocol 
based on packet encapsulation technology. It constructs a multicast routing tree on top of the underlying 
unicast routing protocol. The multicast data are encapsulated within the unicast packet, in which there 
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contains a destination list. The nodes located in the destination list within packet use the LGK (location-
guided k-array) and LGS (location-guided Steiner) algorithms for packet forwarding. This protocol 
optimizes the tree structure through the router buffer and updates the location and members by using a 
hybrid mechanism.  
5. The Comparison Of Multicast Routing Protocols For Mobile Ad Hoc Network   
The basic ideal on protocol design of multicast routing is to transmit multicast data packet to every 
member node with a minimum redundancy, which is the very goal that all the various protocols described 
above tried to reach through different mechanisms. In the protocol designing process, there needs to 
consider problems like: the nodes mobility influence, possible loop, routing imperfections, whether on-
demand construction, routing update, the control over packet transmission methods (net-wide flooding 
broadcast or broadcast   subjected to member nodes) etc. 
In the tree-based protocols, multicast routing uses the method based on source tree or shared tree, and 
there can only have a unique path between any pair of nodes. Its advantage is that the bandwidth resources 
required by initializing multicast tree are always smaller than those in other structures. While the 
disadvantage is that the multicast tree is liable to be affected by the failure of link/network nodes and the 
nodes’ mobility. For example, if an intermediate node fails or moves out of the transmission distance to 
other nodes, the multicast tree will be cut into two or more sub-trees, which then cause the communication 
among the multicast group difficult, even may cause the communication interrupt. Besides, as the tree-
based multicast routing protocol need to maintain the multicast tree, so its control overhead is relatively 
large. 
For mesh-based multicast routing protocol, the Resources amount (bandwidth, processing load, 
memory load) needed by creating mesh is usually larger than that for creating tree-based multicast protocol. 
Mesh-based routing has another shortcoming of easy to form routing loop, so we must take special 
measures to prevent the emerging of this phenomenon. And its biggest advantage is the existence of 
multiple redundant routings in multicast session, which can ensure the robustness after the link failure and 
node moving. Therefore, the mesh-based multicast routing protocol is more suitable to the harsh 
environment of quickly changed network topology for it can provide alternative routings. 
Hybrid routing protocol, drawing merits from both the tree and mesh, is suitable for the mobile Ad 
Hoc network environment with moderate mobility. The MANET working group of EITF recommended 
two multicast routing protocols for applied environment, they are MAODV and ODMRP. As tree-based 
multicast routing protocol during the tree-initializing phase requires smaller bandwidth resources than 
other structures, so it has a much high packet forwarding efficiency.  
6. Conclusion  
As the Mobile Ad Hoc Networks technologies face a series of challenges like dynamic changes of 
topological structure, existence of unidirectional channel, limited wireless transmission bandwidth, the 
capability limitations of mobile termination and etc, therefore, the research to mobile Ad Hoc network 
routings inevitablely undertake a more important task than those to other networks. Multicast is a mode of 
communication transmission oriented to group computing, which sends the data to a group of host 
computers by using single source address. In a typical mobile Ad Hoc Network environment, multicast has 
a significant meaning. On the one hand, the users of mobile Ad Hoc Network usually need to form 
collaborative working groups; on the other hand, this is also an important means of fully using the 
broadcast performances of wireless communication and effectively using the limited wireless channel 
resources. This paper summarizes and comparatively analyzes the routing mechanisms of various existing 
multicast routing protocols according to the characteristics of mobile Ad Hoc network. 
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